Objective. The purpose of this study is to identify problems of emergency transfusion at the bedside and to determine need for massive transfusion protocol. Methods. We included patients who met the criteria for "trauma team activation" and were admitted to division of trauma. The amount of blood product transfused in each unit was investigated for balanced transfusion. We also investigated the compliance with assessment of blood consumption score. The correlation between the time elapsed from patient visit to first transfusion order and time elapsed from first transfusion order to transfusion start was analyzed. Finally, we investigated various factors which serve to influence the decision-making process regarding early transfusion order. Results. Ratio of packed Red blood cells (pRBC): Fresh frozen plasma (FFP) was well-balanced, but platelet transfusion done was much lower than pRBC and FFP in emergency room. The application of emergency blood release did not match the criteria of assessment of blood consumption (ABC) score. The time from the first transfusion order to the transfusion start was found to be constant irrespective of time from patient visit to first transfusion order. And, the time from the first transfusion order to transfusion start did not differ significantly among patients with early transfusion order and delayed transfusion order. Only systolic blood pressure of < 90 mmHg was identified as a major predictor for early transfusion order. Conclusion. Balanced transfusion is not easy and emergency transfusion could be delayed at the bedside. Integrated and systematic structures for massive transfusion protocol would be invaluable and indispensable.
INTRODUCTION
Transfusion is one of the cornerstone therapies in the treatment of trauma patients. There are two important aspects of transfusion which improve trauma patient outcomes: rapid blood transfusion and balanced transfusion. Physical trauma typically results in death within six hours of the onset of hemorrhage. (1) The ideal resuscitation agent for traumatic shock is whole blood replacement because of its physiologic advantage. Otherwise, early co-administration of fresh frozen plasma (FFP) and platelets with packed red blood cell (pRBC) could reduce morbidity and mortality. (2, 3) Recent military and civilian trauma data support the value of transfusion strategies; the implementation of a generally-accepted "transfusion strategy" would make it possible to deliver blood products more promptly. (4) (5) (6) (7) (8) The protocol for massive transfusions has proliferated worldwide since 2000, along with the concept of damage control resuscitation (DCR). In South Korea, the concept of massive transfusion protocol (MTP) has also become more prevalent in recent decades. There remain, however, some obstacles to clear up. The purpose of this study is to identify and investigate the specific problems associated with emergency blood release at the bedside focusing on the delayed and the imbalance of transfusion.
MATERIALS AND METHODS

Study design and setting
Retrospective chart reviews were conducted, pertaining to those patients admitted to the division of trauma via the emergency room (ER) at Korea University Guro Hospital (KUGH). KUGH is a 1050 bed hospital affiliated with a medical college. The emergency department (ED) of KUGH clocks approximately 60,000 patient visits per year. About twenty percent of them visit the ED due to trauma related injury. There are 40 regional emergency medical centers, nine trauma centers and three trauma surgeon training centers in South Korea. KUGH is a regional emergency medical center and includes a trauma surgeon training center. Trauma surgeons and emergency physicians of KUGH are all well acquainted with the MTP protocol and DCR, but there is, to date, no official massive transfusion protocol agreed upon among them. There is only an emergency blood release protocol in laboratory department. The emergency blood release protocol of KUGH aims to reduce pretransfusion test time to 15 minutes by only including ABO typing and saline phase of the cross-matching test. There are no ER refrigerators for uncross-matched type O blood in KUGH.
Study Participants and Inclusion Criteria
The study periods were from September 1, 2015 to August 31, 2017. During the designated study period, all of the patients who met the criteria for trauma team activation and were admitted to division of trauma via ER were included in this study. The criteria for trauma team activation in KUGH are as follows: systolic blood pressure < 90 mmHg, respiratory distress, initial Glasgow coma score < 12 with truncal or extremity injury, unstable pelvic fracture, two or more proximal long bone fractures, degloving injury above elbow or knee joint level, penetrating injury to neck, chest or abdomen (including groin), fall from over 5 meters, simultaneous visit of 3 or more trauma patients at ER. We excluded patients who did not receive a transfusion, received only platelet or FFP, patients younger than nineteen and patients transferred from other hospitals.
Date Sampling
We collected patient data which included age, gender, mechanism of injury, injury diagnosis category, operation in 24 hours, initial vital sign at ER, amount of transfusion, the injury severity score (ISS), assessment of blood consumption (ABC) score and length of hospital stay. Two emergency specialists reviewed the chart. When the two chart reviewers were presented with conflicting data for continuous variables, the mean value of the above mentioned data was used. A third investigator reviewed the charts and determined which data was to be used in those cases which had conflicting data with categorical variables.
Outcome measure
The volume of blood product transfused in emergency room, intensive care unit, operation room and/or general ward was investigated. We also investigated the rate of emergency blood release activation depending on the ABC score. To find out whether rapid blood transfusion decisions can facilitate fast blood transfusion, the correlation between time elapsed from the first patient visit to the first transfusion order and time elapsed from first transfusion order to the actual transfusion start time was analyzed. Then, we divided the patients into two groups, one in which pRBC and FFP were ordered within 1 hour from ER visit (early transfusion order group) and the other in which pRBC and FFP were ordered over 1 hour from ER visit (delayed transfusion order group). Time from first transfusion order to transfusion start was compared between two groups. The time for first transfusion order was based on medical records entered in electronic charts. The transfusion start time was determined based upon documentation in the nursing chart in electronic form. KUGH utilizes an electronic hospital information system. In order to implement a doctor's prescription, a physician must directly access the computer system. Finally, we investigated various factors which serve to influence the decision-making process regarding early transfusion order.
Statistical Analysis
We conducted an independent t test to compare the mean value of the continuous variables and the Mann-Whitney test was used to compare continuous variables that did not show a normal distribution by Shapiro-Wilk test. The Kruskal-Wallis test was used to compare mean value in three groups. A chi-squared analysis or Fisher's exact test was used for the categorical variables. Linear regression analysis was used to analyze correlation between transfusion order time and the actual transfusion time. Univariate logistic regression analysis was done to analyze the specific factors for early transfusion order. For the analysis of the univariate logistic regression analysis, we condensed injury mechanism into pedestrian-traffic accident or motorcycle or fall > 3m. The injury diagnosis category was condensed into chest, abdomen or pelvis. ISS > 45, systolic blood pressure (SBP) < 90 mmHg, heart rate (HR) >120 and the result of focused assessment with sonography for trauma (FAST) were also investigated for logistic regression analysis. SPSS Statistics (SPSS 21.0, IBM, Chicago, USA) was used for statistical analysis.
Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of Korea University Guro Hospital (approval No. KUGH 17071). Informed consent was waived by the board due to the retrospective nature of the study.
RESULTS
During the study period, a total of 64 eligible patients were identified in the database of the hospital information system. Three patients, whose time from patient visit to first transfusion order was over 400 minutes, were excluded. Finally, 61 patients were enrolled in this study.
Baseline characteristics of the study population
General data of included patients were shown in table 1. The number of male patients was double that of female patients. The most common reported mechanisms of injury consisted of pedestrian-traffic accidents, and trips-or slips-and-falls. The two mechanisms noted above were found to comprise approximately half of injuries documented where treatment was sought. Pelvic bone fractures were the most common anatomical site in the injury diagnosis category. Thirty seven (60.7%) patients underwent surgical intervention within 24 hours of the ER visit. The ratio of FFP frozen plasma and pRBC ratios was near 1:1, however, platelet transfusion rate was much lower. ISS was 43.8 ± 12.3 and ABC score was 0.9 ± 0.9 (Table1). The results of these scores show that included patients were severely injured and many of them needed emergency blood transfusions.
Blood transfusion behavior analysis
The largest volume of blood transfused occurred in the emergency rooms, followed by intensive care units, operating rooms and then general wards (Table 2) . Table 2 also showed a well-balanced ratio of pRBC: FFP, but platelet transfusion was done much lower than pRBC and FFP in ER. Implementation of emergency blood release was done in thirteen out of fifteen patients (86.7%) with ABC score of 2 or more. Thirty-five out of 46 people (76.1%) with ABC score less than 2 were implemented with emergency blood release (Table 3).
The relationship between blood transfusion and time factor
Time form first transfusion order to transfusion start was constant irrespective of time from patient visit to first transfusion order as for pRBC and FFP (Figure 1 ). And time from first transfusion order to trans- Continuous variables are represented as mean ± standard deviation. Categorical variables are represented as count (%). ABC, assessment of blood consumption; BT, body temperature; FFP, fresh frozen plasma; HR, heart rate; ISS, injury severity score; PLT, platelet; pRBC, packed RBC; RR, respiration rate; SBP, systolic blood pressure. (Figure 2 ).
Predictors of early transfusion order in Trauma Patients
Factors such as age (>65 years), gender and the respective mechanisms of injury (as pedestrian-traffic accident or motorcycle or fall >3m), the nature and extent of the trauma to the chest, abdomen or pelvis, ISS >45, SBP <90 mmHg, HR >120 and the results of FAST were investigated for the predictors of early transfusion order (Table 4 ). Only SBP < 90 mmHg was found to be the major and most reliable predictor for early transfusion order (odd ratio 22.80, 95% confidence interval 3.13-166.40, p = 0.00).
DISCUSSION
Recent studies show that hemorrhage causes death at a rapid rate and takes a substantial number of patients at a fairly consistent rate among those patients with a history of physical trauma. (9) Trauma patients usually die due to hemorrhage within two hours, and 81% of all the trauma-related deaths occur within the initial 24-hour period. All are subsequently found to be hemorrhage-related. (10) As mentioned earlier in introduction, blood transfusion is one of the most critical therapies necessary to treat, or save, a seriously injured patient. In bleeding trauma patients, inadequate replacement of plasma and platelets may cause early death. Several studies have shown that providing appropriate blood transfusions early on can improve the outcomes of physicallyinjured patients. (11-13) During the last decade, studies of soldiers deployed to Iraq and Afghanistan who were wounded have demonstrated that a higher ratio of FFP to pRBC contributed to improve coagulation profile and reduced mortality, particularly when the treatment is provided within the window of time of the first six hours after injury. (14) (15) (16) Although sufficient scientific evidence does not currently exist, most observational studies suggest a ratio of FFP and pRBC as 1:1. (17-22) Efficient transfusion protocol should be melded into hospital system to provide an appropriate ratio of pRBC and FFP with appropriate expedience and accuracy. Integrated and systematic structure is needed to provide early and consistent transfusion of blood products; it is one of the major components to be considered in planning multidisciplinary trauma systems. For the immediate delivery of blood products and efficient resuscitation of severely injured patients, integrated and systematic protocols such as MTP have been adopted in many institutions. The implementation of MTP could reduce mortality, cost and organ failure (according to the results of several observational studies). These MTPs place emphasis on the standardization of coordination among the ED, laboratory staff and blood bank to ensure prompt delivery of blood products. (4,23-25) Holcomb et al. pointed out that actual transfusion of blood product shows the unbalanced ratio of pRBC: FFP: platelet at the bedside. Especially, platelets transfused more lately than FFP. He explained that the unbalanced ratio of blood product transfu- sion was due to variations in blood product availability, absence of massive transfusion protocols and delays in blood bank to bedside transit times. (26) As the result of Table 2 , balanced transfusion is not easy in ER. Table 2 showed a well-balanced ratio of pRBC: FFP, but platelet transfusion was done much lower than pRBC and FFP. This finding can be explained as the following reason. KUGH does not stock platelets for transfusion within the hospital. When platelet transfusion is ordered, it must be transported from Korean Redcross Blood Services office, a 30-minute drive.
There is no official emergent transfusion protocol consensus within the inter department of KUGH. Table 3 shows that the application of emergency blood release did not match with the criteria of ABC score, one of the most common system for predicting MTP activation. (27) Only SBP < 90 mmHg was the major predictor for early transfusion order in this study ( Table  4 ). The others, even some of components for ABC score, did not draw a decision for emergency blood release. We suspect that this situation is due to the absence of a protocol for massive transfusion. Figures 1 and 2 show the actual time required to deliver blood product to bedside; the delivery might take anywhere from two to four hours, no matter how immediate or urgent the transfusion order. There are some limitations to be considered in analyzing the results of this study.
These study results were limited to a single hospital, which might generate a problem of faulty generalization. The other limitation is that this study design is a retrospective chart review. A more exact analysis could be done if before-and-after study was carried out. Lastly, we defined the included patients as those who met the criteria for trauma team activation and were admitted to division of trauma via ER. So, despite 2 years study periods, the number of study population was small. To sum up, balanced transfusion is not easy and blood transfusion could be delayed in real aspect of bedside. Massive transfusion protocol including policy for un-cross matched type O blood would be invaluable and indispensable component for emergent transfusion.
